Aim: The aim of the study was to correlate the pH and fluoride ion uptake with surface hardness of composite resin based restorative materials after topical fluoride application.
IntroductIon
'Fluorides-Prepared to be part of the cure or part of the problem'.
Dental caries is a major dental disease affecting a large proportion of the inhabitants of the world which impairs the quality of life for many people causing pain and discomfort.
The cariostatic efficacy of fluorides has been convincingly demonstrated and the recent decline in caries prevalence is primarily attributed to the increased use of various fluoride agents. 1 Topical fluorides act in several different ways to prevent caries by inhibiting demineralization and promote reminera lization, thus encouraging repair and arrest of carious lesions. Depending on its concentration and pH, fluoride can also exert a bactericidal and anti enzymatic effect.
Composite restoratives and adhesive technique have become the foundation of modern dentistry, which is an important advancement in the field of restorative dentistry 2 but, the composition and surface integrity of composites and other glass containing restoratives can be significantly changed when exposed to strong acids this is clinically significant as topical acidulated phosphate fluoride (APF) gels, recommended as a preventive strategy in dentistry, contain strong acids. 3 Also low pH increases sorption, solubility and surface degradation of resin composite. 4 The type of restorative material also influences the degradation of restorative materials.
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Therefore this study investigated the effect of professio nally applied topical fluoride on the surface hardness of three different composite based restorations, i.e. Composite, Vitremer and Compomer.
MEthodology

The study involved 2 parameters:
Part I: To evaluate pH of topical fluoride and fluoride ion concentration.
Part II: To evaluate surface hardness of composite resin based restorative materials after topical fluoride application.
To correlate, the effect of pH and fluoride ion concentra tion on surface hardness of composite resin based restora tive materials.
Part I: To evaluate the pH of topical fluoride and fluoride ion concentration. The following topical fluorides were used in the study; The following test materials used in the study which were grouped as follows;
Group I:
Group II: A resin modified glass ionomer (Vitremer -3M) Group III: A compomer (Dyract A/P dentsply). Forty disks of each of the testing material were made having a diameter of 8 mm and thickness of 1.65 mm using Teflon mould.
Ten disks of each restorative material were placed in all four different test solutions. After 36 hours of immersion, the specimens were washed, dried and subjected to microhardness testing machine for surface hardness of composite based restorative materials using Vickers microhardness tester (Shimad Zu Japan). Again pH and fluoride ion concentration of topical fluoride was evaluated to quantify the fluoride ion uptake by the test specimens.
statistical Analysis
Descriptive (Mean ± SD) and comparative statistics were used to illustrate and compare the results. One Way ANOVA was performed for multiple group comparisons followed by NewmanKeul's range test to determine whether significant differences were present between two materials or two applications. The difference was considered statistically significant when pvalue was 0.05 or less.
rEsults
The present in vitro study was aimed to evaluate pH and fluoride ion concentration before and after immersion of composite based restorative material specimens and to evaluate surface hardness of composite resin based restorative materials after topical fluoride application.
The study involved two parameters: 1. To evaluate pH of topical fluoride and fluoride ion concentration. 2. To evaluate surface hardness of composite resin based restorative materials after topical fluoride application. Table 1 demonstrated the pH and fluoride ion concentra tion of APF gel, sodium fluoride mouth rinse and 0.9% neutral fluoride before immersion of composite based restorative material specimens.
The pH of all test solutions remained the same of pH 3.9 with APF gel, pH 6.5 and 7 with sodium fluoride mouth rinse and 0.9% neutral fluoride respectively.
The fluoride ion concentration in test solution treated with composite specimen remained the same as composite specimen neither released nor were recharged with fluoride ions. The fluoride ion concentration in test solutions treated with vitremer and compomer specimen showed increase in fluoride ion concentration indicating the increase fluoride release from vitremer and compomer.
Fluoride release in vitremer was more compared to com pomer because glass ionomer content in vitremer is 80% compared to compomer 20%. 11 The greatest hardness deterioration for all materials resulted after treatment with 1.23% APF gel when compared to sodium fluoride mouth rinse and 0.9% neutral fluoride. Table 2 showed mean surface hardness (VHN) of composite based restorative materials after various fluoride appli cations and Graphical representation is shown in Graph 1.
dIscussIon
Scientific knowledge concerning caries has led to the establishment of preventive and therapeutic strategies in accordance with individual patient characteristics in regard to the risk and activity of caries. Measures to increase protective factors such as fluoride therapy may be adopted as part of these approaches, inhibiting tooth demineralization and enhancing remineralizing potential. 12 In the 1960's, a new topical fluoride preparation APF was introduced by Brudevold and his coworkers at Forsyth Dental Centre. APF preparation contains sodium fluoride as the active ingredient. The general formula has 1.23% of Recent development and future trends focus mainly on composite based restorations. Hence, the aim of this study was to correlate the pH of topical fluoride and fluoride ion uptake with surface hardness of composite resin based restorative materials such as composite (Filtek Z350XT, 3M ESPE, St Paul, MN, USA), a resin modified glass ionomer (Vitremer) and a compomer (Dyract AP) after topical fluoride application.
Hardness is considered as the test parameter, as it is an important property for the restorative materials to have longterm durability in the oral cavity. 13 Hardness may be defined as the resistance of a material to indentation or penetration.
14 Strength, proportional limit and ductility are related to hardness. Hardness has also been used to predict the wear resistance of a material and its ability to abrade or be abraded by opposing dental structures and materials. 15 So a decrease in the hardness of a material may result in premature failure of a restoration requiring its replacement. forms hydrofluoric acid (HF) a known glass etchant which dissolves glass particles. 16 Three major interaction pathways between composite and fluorides may be identified. 1. Interaction with organic matrix (BisGMA) 2. Interaction with filler matrix coupling agent 3. Interaction with reinforcing fillers.
The organic matrixes of the composite evaluated are all organic esters of methyl methacrylate derivatives. Organic esters undergo hydrolytic cleavage of the ester group in low pH.
R (CO) -OR + H 3 O → R (CO) OH + R'OH
Papagiannoulis observed that as APF gel which is acidic (pH 3-4) so the amount of water bound to the organic matrix is increased resulting in the decreased hardness. 17 This reaction is acid-catalyzed and is pH dependent. The decreased hardness after treatment with APF gel could also be attributed to the presence of HF (Cehrcli, Yazici and GarciaGodoy 2000). 18 Hydrofluoric acid, a well Three possible mechanisms may explain the interaction pathway of fluoride. 1. Rearrangement of the water monolayer adsorbed on filler where silanols form hydrogen bonds. 2. Hydrolysis of the organosilicon ester group. 3. Disorganization of the siloxane network formed from the condensation of intramolecular silanol group which stabilized the interface. All these mechanisms may weaken the particle matrix interface leading to the decrease in surface hardness of composites.
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Group II: A resin modified glass ionomer (Vitremer). Vitremer showed deterioration in microhardness in all test solutions. The greatest hardness deterioration is also resulted with the treatment of 1.23% of APF gel.
The effect of 1.23% APF gel on resin modified glass ionomer cement (Vitremer) manifested itself in a new pattern leading to decreased in surface hardness.
Matrix dissolution: This was detected peripheral to the glass particles, leading to a 'halo' appearance surrounding the glass particles, the glass particles are sheathed by a silicons hydrogel layer (Smith, 1994; Mitra 1994). 'Halo' effect could be due to dissolution of the siliceous hydrogel layer as in the final set structure of conventional glass ionomer.
Since true resinmodified glass ionomers are reported to undergo an acidbase reaction as well as photopolymerization (Mika 1994), a siliceous hydrogel layer or reaction zone would be expected to a greater (or) a lesser extent sheathing the glass particles. Because of the improved resistance of the resin modified glass ionomer resinous matrix to dissolution and solubility, the siliceous hydrogel layer was the first to erode, leading to the 'halo' like appearance. It can be considered the weakest link in the system.
Generalized matrix changes that resulted in a swollen (or) expanded matrix appearance in resin modified glass ionomer with variable degree of severity.
Nickolson, Arstice and McLean (1992) reported that light cured glass ionomer prepared with HEMA copolymers behave like hydrogels and absorb water. Resin modified glass ionomer cements contained polyacrylic acid and HEMA (2hdyroxyethyl methacrylate), a hydrophilic monomer, which acts as a solvent and a polymerizable monomer.
Nicholson and Arstice (1994) reported that because of the contrasting nature of these liquid components, there is a natural tendency for resin modified glass ionomers to undergo phase separation while still liquid. This tendency for phase separation increases as the setting reaction proceeds, i.e. as HEMA undergoes polymerization it ceases to be water soluble, which causes it to separate from the aqueous part of the formulation. In addition, as the acidbase reaction proceeds and the acid becomes more neutralized, more hydrophobic organic species become less soluble in the aqueous phase therefore the set product is expected to contain domains of different phases in its microstructure.
Nicholson and Arstice (1994) 17 also reported that almost certainly the sites of these hydrophilic domains are the centers to which water migrates as it is absorbed therefore resin modified glass ionomer showed a tendency to absorb water and swell which was particularly evident with APF gel but was observed lesser extent with neutral gel.
Group III: A Compomer (Dyract AP)
Compomer showed deterioration in microhardness in all test solutions. The greatest hardness deterioration is also resulted with the treatment of 1.23% of APF gel.
As APF gel contains hydrofluoric acid and phosphoric acid (ElBadrawy, McComb and Wood; (1993) 19 which has the ability to etch glass particle, (Council on Dental Materials, Instruments and Equipments, 1988) can lead to the chemical erosion by acid etching. Also surface degradation of resin component by APF gel is partly related to the filler particles present (Kula 1986 ). 21 Strontium fluorosilicate glasses present in compomer are more susceptible to acid erosion leading to filler dissolution and decrease in surface hardness of compomer.
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Dieb et al in 2007 6 who reported that mouth rinses with low pH are detrimental to the hardness of resin composites.
Basically the low pH of mouth rinses may have acted in the polymeric matrix of the nanofilled resin composite used in the study, through catalysis of ester groups from dimethacrylate monomers present in the composition (Bis GMA, Bis EMA, UDMA and TEG DMA). 22 The hydrolysis of these ester groups may have formed alcohol and carboxylic acid molecules that may have accelerated the degradation of the resin composite. 23 Hence, the type of restorative material also influences the degradation of restorative material.
conclusIon
The following conclusions were drawn from the study:
• All topical fluoride application showed significant deteriorative effect on resin based restorative material.
• The surface deterioration and decrease in microhardness was dependent on the pH of topical fluoride. • 1.23% APF gel significantly decreased hardness of the Composite, Vitremer and Compomer.
